Aim. To study subcellular nitrergic response in the rat brain regions following chronic stress-induced depres
Introduction. Nitric oxide (NO) is a neuronal messenger and a potent modulator of mitochondrial respiration [1, 2] . Mitochondrial dysfunction and L-arginine NO pathway are considered a likely cause of some psychiatric disorders including depression [3, 4] . Recent studies show the presence of a new calcium-activated constitutive form of the NO synthase (NOS) enzyme in mitochondria [5] . Chronic stress is known to be involved in the depression development.
Using the established in our laboratory animal model of depression induced by chronic circadian stress (CCS), we aimed to assess: (i) the levels of substrate and products of NO synthesis (in vivo), (ii) the contribution of constitutive forms of NOS (cNOS), involved in neurotransmission and regulated vascular tone and tissue perfusion in nervous system, as well as inducible NOS (iNOS), the effector molecule of innate immune response, to the production of NO (in vitro) in cytosolic and mitochondrial compartments of the brain regions responsible for the anticipatory chronic stress responses.
Materials and methods. Six stressors (forced swimming, food deprivation, ether inhalation, restraint, cold and orthostatic stress) for 2 weeks were randomly applied to young male Wistar rats at the appropriate time points of circadian rhythm to induce a depression-like behavior [6] .
The total NOS activity was assessed by measuring with the Griess reaction [7] an accumulation of NO and its stable metabolites (reactive nitrogen species, RNS) during a long-term incubation of brain samples in the presence of calcium, L-arginine and NOS cofactors. The iNOS activity was determined in the presence of EDTA (omitting calcium from the incubation medium). The cNOS activity was calculated by subtracting the activity of iNOS from that of total NOS. The NOS activity was expressed as nmol nitrite (NO 2 -)×mg -1 protein×24 h -1 . The concentrations of L-arginine and L-citrulline were determined spectrophotometrically [6] .
Results and discussion. Immediately after CCS (group I) and four days later (group II) the depression-like behavior of rats was developed and accompanied with a subsequent elevation of the L-arginine, Lcitrulline and RNS amounts in both cytosol and mitochondria of the prefrontal cortex (PFC), striatum, hippocampus, and hypothalamus compared to control. Larginine levels increased in both cytosolic and mitochondrial compartments of the PFC, striatum, hippocampus, and hypothalamus, in group I of 8.8-and 5.9, 2.2-and 2.4, 2.9-and 15.1, 9.9-and 11.7-fold, and in group II of 2.6-and 8.8, 6.1-and 6.4, 9.3-and 5.0, 9.9-and 11.1-fold, compared respectively to control. Simultaneously, a persistent upregulation of iNOS accompanied by an elevation of the reactive nitro gen species levels was observed in the mitochondria of all the regions studied. Cytosolic iNOS activity also markedly increased in the hippocampus and hypothalamus, while that of PFC and striatum after short-term activation (group I) dropped lower than control values (group II). Contrary to iNOS, cytosolic cNOS activity decreased by 9.9, 4.7, 3.7 and 2-fold (group I) and 2.5, 1.8, 2.6 and 2-fold (group II) in the PFC, hypothalamus, hippocampus, and striatum, compared respectively to control. The mitochondrial cNOS activity was not significantly changed in the PFC, striatum and hippocampus, but diminished by 2.9 (group I) and 2-fold (group II) in the hypothalamus. Contrary to cNOS, a persistent activation of iNOS was observed in mitochondria of all the regions studied, with a remarkable domination of mitochondrial iNOS over cytosolic one, with exception for hypothalamus. The cytosolic iNOS activity also significantly increased in the hippocampus, and hypothalamus, whereas it dropped (group II) by 2.5 and 1.6-fold in the PFC and striatum after short-term activation (group I) compared respectively to the control. Thus, CCS-induced substantial lasting elevation of the L-arginine levels in the cellular compartments may facilitate the activation of iNOS, a high-output form strongly dependent on the presence of L-arginine, which availability may even become a rate-limiting step in the iNOS activity [8] . Up-regulation of iNOS might contribute to the elevation of L-citrulline, and RNS intracellular levels observed, and overall inhibition of the cNOS, because iNOS-derived high NO concentrations may inhibit the cNOS through formation of the stable inhibitory nitrosyl species [5] . The iNOS can produce NO for prolonged periods and a deleterious effect of excessive NO in the tissues is mediated by a potent oxidant, peroxynitrite (ONOO -), that is readily formed from superoxide and NO produced together during the stress [5, 9] . NO-induced persistent мitochondrial damage [10] appears to be associated with the upregulation of iNOS in the mitochondria of the brain major regions, and cytosolic iNOS in the hippocampus, and hypothalamus, as well.
Our data are supported by the findings that the chronic stress-induced depression-like behavior is accompanied by the activation of iNOS in the brain and its inhibition prevents depression [11] . At the same time down-regulation of the cNOS could affect central release of neurotransmitters and messengers, as well as cerebral hemodynamics [5, 12] .
Conclusions. Our results highlight the importance of differring the pathological effects driven by the distinct NOS forms when assessing their roles in mood disorders. The compromised balance of the L-arginine levels and NO synthesis in both mitochondria and cytosol appears to be implicated in the brain region-specific biochemical changes leading to mitochondrial dysfunction, energy impairment and neurotransmission disturbances attributed to counter-parted changes in the activity of distinct NOSs involved in the pathogenesis of depression/ anxiety. Given that dysfunctions in the limbic brain have been implicated to mood disorders and neurodegenera- tive diseases, it would be meaningful the searching for the agents against the metabolic disturbances found. 
